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PHOTOELECTRIC CONVERSION
APPARATUS AND IMAGING SYSTEM USING
THE PHOTOELECTRIC CONVERSION
APPARATUS

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a structure of 1solation of a
photoelectric conversion apparatus.

2. Description of the Related Art

CCD and CMOS photoelectric conversion apparatuses are
used 1 a multiplicity of digital still cameras and digital cam-
corders. Inrecent years, pixels in the photoelectric conversion
apparatuses are reduced, and consequently, countermeasures
tor the cross talk of charge to adjacent pixels are studied.

Japanese Patent Application Laid-Open No. 2003-258232
discloses a configuration 1n which a P well region serving as
a barrier for 1solation for preventing the cross talk of charge
between adjacent pixels 1s formed at a deep region according,
to an N well region of a photoelectric conversion element.

SUMMARY OF THE INVENTION

The present invention provides a photoelectric conversion
apparatus comprising: a substrate; a plurality of pixels,
wherein each of pixels includes photoelectric conversion ele-
ment arranged on the substrate; a transistor arranged on the
substrate for transierring a signal charge generated in the
photoelectric conversion element; and a plurality of transis-
tors for reading out the signal charge transferred, wherein the
plurality of pixels include first and second photoelectric con-
version elements adjacent to each other, a first semiconductor
region of a first conductivity type such that the electric charge
generated in the photoelectric conversion element 1s a minor-
ity carrier 1s formed between the first and second photoelec-
tric conversion elements, and a second semiconductor region
having the first conductivity type and of a width larger than
that of the first semiconductor region of the first conductivity
type 1s arranged 1n a region 1n which the plurality of transis-
tors for reading out the signal charge transierred are arranged.

Other features and advantages of the present invention will
be apparent from the following description taken 1n conjunc-
tion with the accompanying drawings, 1n which like reference
characters designate the same or similar parts throughout the
figures thereof.

Further features of the present invention will become
apparent from the following description of exemplary
embodiments with reference to the attached drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a plan view of a photoelectric conversion appa-
ratus according to a first embodiment.

FIGS. 2A and 2B illustrate an example of a pixel circuit of
the photoelectric conversion apparatus and are plan views of
the pixel circuit.

FIGS. 3A and 3B are cross-sectional schematic diagrams
of the photoelectric conversion apparatus according to the
first embodiment.

FIG. 4 1s a cross-sectional schematic diagram of the pho-
toelectric conversion diagram according to a second embodi-
ment.

FI1G. 5 1s a plan view of the photoelectric conversion appa-
ratus according to a third embodiment.

FIG. 6 illustrates the photoelectric conversion apparatus
according to a fourth embodiment.
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FIG. 7 1s a block diagram for describing an imaging sys-
tem.

The accompanying drawings, which are incorporated 1n
and constitute a part of the specification, 1llustrate embodi-
ments of the mvention and, together with the description,
serve to explain the principles of the invention.

DESCRIPTION OF THE EMBODIMENTS

Preferred embodiments of the present invention will now
be described 1n detail 1n accordance with the accompanying
drawings.

The present inventors have found out that there may be a
new problem along with reduction in pixels in the P well
region disclosed 1n Japanese Patent Application Laid-Open
No. 2003-258232. The problem 1s that when the pixels are
reduced, a well region for isolation reduces a region of a
photoelectric conversion element, and the sensitivity of the
photoelectric conversion element may be reduced. For
example, 11 the well region for 1solation 1s a P semiconductor
region serving as a barrier for signal charge, the P well 1sola-
tion region replaces an N semiconductor region of the pho-
toelectric conversion element.

I1 the width of the P well region for 1solation 1s narrowed
down, impurities may not be implanted at a desired depth 1n
the 1on implantation when the P well region 1s formed. Tran-
sistors for reading out the charge of the photoelectric conver-
s1on elements are provided around the photoelectric conver-
sion elements, and the thresholds of the transistors may vary
if the transistors are arranged on the P well region for 1sola-
tion. If there are variations 1n the thresholds of the transistors,
the dynamic range may be narrowed down, and the perfor-
mance of the transistors may be reduced.

An object of the present invention 1s to provide a photo-
clectric conversion apparatus capable of preventing reduction
in performance of transistors while maintaining the sensitiv-
ity of photoelectric conversion elements.

A photoelectric conversion apparatus of the present mven-
tion 1ncludes: a substrate; a plurality of photoelectric conver-
s1on elements arranged on the substrate; a transistor for trans-
ferring a signal charge generated in the photoelectric
conversion element; and a plurality of transistors for reading
out the transferred signal charge. The plurality of photoelec-
tric conversion elements include a first photoelectric conver-
s1on element and a second photoelectric conversion element
adjacent to each other. Provided are a first semiconductor
region of a first conductivity type such that the electric charge
generated in the photoelectric conversion element 1s a minor-
ity carrier 1s formed between the first and second photoelec-
tric conversion elements, and a second semiconductor region
of the first conductivity type arranged 1n a region 1n which the
plurality of transistors for reading out the signal charge trans-
terred are arranged. The width of the second semiconductor
region 1s wider than the width of the first semiconductor
region of the first conductivity type.

Such a configuration can prevent degrading performance
of transistors while maintaining the sensitivity of photoelec-
tric conversion elements.

Hereiaiter, embodiments of the present invention will be
described in detail with reference to the drawings.

(Example of Pixel Circuit)

An example of a pixel circuit, to which the present inven-
tion can be applied, will be described. FIG. 2A 1s a circuit
diagram 1llustrating an example of the pixel circuit, to which
the present invention can be applied, and FIG. 2B 1s a plan
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view 1llustrating a plane layout of one pixel of the pixel
circuit. Hereinafter, a case in which a signal charge 1s an
clectron will be described.

In FIG. 2A, the pixel unit includes at least two pixels. A
pixel includes at least one photoelectric conversion element.
In FIG. 2A, photodiodes 100 (100a and 1005) as photoelec-
tric conversion elements and transfer MOS transistors 101
(101a and 1015) are included. A reset MOS transistor 102, an
amplifying MOS transistor 103, and a selection MOS tran-
sistor 105 are also included. Theretfore, two pixels, or two
photodiodes, share the reset MOS transistor 102, the ampli-
tying MOS transistor 103, and the selection MOS transistor
105. The transter MOS transistors 101 transfer signal charges
generated 1n the photoelectric conversion elements 100 to a
floating diffusion region 104. The amplitying MOS transistor
103 pertforms output according to the potential of the floating
diffusion region 104 to an output line 106 through the selec-
tion MOS transistor 105. The amplifying MOS transistor 103
1s part of a source follower circuit, and the gate electrode 1s
connected to the floating diffusion region 104. The reset MOS
transistor 102 resets a node of the gate electrode of the ampli-
tying MOS ftransistor 103, 1.e. the floating diffusion region
104, to a prescribed potential (reset potential). A transfer
control signal TX1 1s supplied to the transter MOS transistor
1015, and a transfer control signal TX2 1s supplied to the
transter MOS transistor 101a. A reset control signal RES 1s
supplied to the reset MOS transistor 102, and a selection
control signal SEL 1s supplied to the selection MOS transistor
105. The control signals control reading of the signal charge.
Such a pixel unit 1s one-dimensionally or two-dimensionally
arranged 1n the photoelectric conversion apparatus to form an
imaging region. The pixel unit may not include two pixels,
and an arbitrary configuration can be applied.

FI1G. 2B illustrates a plane layout of one pixel of the pho-
toelectric conversion apparatus including the circuit of FIG.
2A. In FIG. 2B, a photoelectric conversion element 200 cor-
responding to 100 (100a) of FIG. 2A 1s arranged. Reference
numeral 201 denotes a gate electrode of the transter MOS
transistor 101 (101a), and reference numeral 202 denotes a
gate electrode of the reset MOS transistor 102. Reference
numeral 203 denotes a gate electrode of the amplifying MOS
transistor 103, reference numeral 205 denotes a gate electrode
of the selection MOS transistor 105, and reference numeral
204a denotes a floating diffusion region. Reference numeral
207 denotes a drain region of the amplitying MOS transistor,
and reference numeral 208 denotes a source region of the
amplifying MOS transistor and a drain region of the selection
MOS transistor. Reference numeral 209 denotes a source
region of the selection MOS transistor, and the source region
1s connected to the output line 106 1 FIG. 2A. Reference
numeral 211 denotes a semiconductor region for supplying
voltage to a semiconductor region and to a semiconductor
substrate and 1s, for example, a well contact.

Reference numeral 210 denotes an 1solation region that
defines an active region of each element. Although a LOCOS
(Local Oxidation of Silicon) structure 1s used for the 1solation
region 210 in the present embodiment, an STI (Shallow
Trench Isolation) structure and other structures may be used.
The 1solation region 210 may also be configured to include
only a semiconductor region serving as a barrier to the signal
charge (diffusion 1solation). When the 1solation region 210 1s
configured to include only the semiconductor region serving
as the barrier to the signal charge, the active region 1s defined
at a boundary with the semiconductor region serving as the
barrier to the signal charge. In FIG. 2B, one active region
includes a photoelectric conversion element 200a and the
floating diffusion region 204a, and other active regions
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include source regions and drain regions of the transistors.
The pixels, 1.e. the pixel unit, are arranged 1n a matrix along a

first direction (X axis) and a second direction (Y axis), and the
first direction and the second direction are orthogonal to each
other. In FIG. 2B, the photodiode 1006 of FIG. 2A corre-
sponds to an adjacent photoelectric conversion element
arranged along the first direction of the photoelectric conver-
sion element 200q. In FIG. 2B, the photoelectric conversion
clement 200q serves as a first photoelectric conversion ele-
ment, a photoelectric conversion element arranged along the
first direction serves as a second photoelectric conversion
clement, and a photoelectric conversion element arranged
along the second direction serves as a third photoelectric
conversion element.

The photoelectric conversion apparatus 1s not limited to the
circuit as shown 1n FIG. 2A. More photoelectric conversion
clements may be configured to share the amplifying MOS
transistor, or the selection MOS transistor may not be
included. The photoelectric conversion apparatus 1s not lim-
ited to the plane layout as shown in FIG. 2B. When the signal
charge 1s an electron, each MOS transistor would be NMOS
transistor. When the signal charge 1s a hole, each MOS tran-
sistor would be PMOS transistor. And, it would be an ordinary
design matter to change a polarity of a particular MOS tran-
sistor. Hereinafter, embodiments of the present invention will
be described with reference to the drawings.

First Embodiment
The photoelectric conversion apparatus ol the present
embodiment will be described with reference to FIGS. 1, 3A
and 3B. FIG. 1A 1s aplan view corresponding to the plan view
of FIG. 2B.

In FIG. 1, regions where P semiconductor regions as bar-
riers to signal charge (for example, electron) that can function
as 1solation are arranged over the plane layout of FIG. 2B for
description. The P semiconductor regions are actually
arranged 1nside the semiconductor substrate, and FIG. 1 1llus-
trates a shape 1n which configurations are projected on the
surface of the semiconductor substrate. The P semiconductor
regions as barriers to signal charge (for example, electron)
that can function as 1solation include first semiconductor
regions 110, third semiconductor regions 111, and second
semiconductor regions 1012. Those P semiconductor regions
are capable of functioning as an i1solation for a photoelectric
conversion element, and a well for a transistor. The first
semiconductor regions 110 are arranged along the second
direction and are arranged adjacent to the photoelectric con-
version element 200a 1n the first direction. Theretore, the first
semiconductor regions 110 are arranged between the first
photoelectric conversion elements and the second photoelec-
tric conversion elements. The third semiconductor regions
111 are arranged along the first direction and are arranged
adjacent to the photoelectric conversion element 2004 1n the
second direction. Therefore, the third semiconductor regions
111 are arranged between the first photoelectric conversion
clements and the third photoelectric conversion elements.
When the arrangement 1s projected on the surface of the
semiconductor substrate, the first semiconductor regions 110
and the third semiconductor regions 111 are arranged 1n a
lattice. The second semiconductor regions 1012 are arranged
at a region where transistors for reading out the transferred
signal charge are arranged, and the second semiconductor
regions 1012 are arranged below gate electrodes of the tran-
sistors. In FI1G. 1, the second semiconductor regions 1012 are
arranged below channel sections, source regions and drain
regions of the transistors. The first semiconductor regions 110
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and the third semiconductor regions 111 have a width W1.
According to the channel sections of the transistors, the sec-
ond semiconductor regions 1012 have a width W2 wider than
the channel sections and have a length L1 or a length 1.2
longer than the channel length of the channel sections.
According to the configuration, the edges of the first or third
semiconductor regions do not touch the channel sections of
the transistors, and constant second semiconductor regions
are arranged at the channel sections of the transistors. There-
fore, the variations 1n the thresholds of the transistors can be
reduced. In other words, the characteristics of the photoelec-
tric conversion elements and the transistors can be maintained
while preventing the signal charge from flowing ito adjacent
photoelectric conversion elements.

The width W2 of the second semiconductor regions 1012 1s
parallel to the channel width direction of the corresponding
transistors and 1s parallel to the first direction in the present
embodiment. The width W2 1s wider than the channel width
of the corresponding transistors. The second semiconductor
regions 1012 havealength .1 and alength I.2. The lengths .1
and L2 are parallel to the channel length direction of the
corresponding transistors and are parallel to the second direc-
tion 1n the present embodiment. The lengths L1 and L2 are
arbitrary and can be any length 11 the lengths are at least longer
than the channel length of the corresponding transistors. The
transistors for reading out the transiferred signal charge are
amplifving transistors, selection transistors and reset transis-
tors 1n the present embodiment.

A cross-sectional schematic diagram of the photoelectric
conversion apparatus corresponding to FIG. 1 will be
described with reference to FIGS. 3A and 3B. FIG. 3A 1s a
cross-sectional schematic diagram along an AB line of FIG.
1, and FIG. 3B 1s a cross-sectional schematic diagram along
a CD line of F1G. 1. The same configurations as in FIG. 1 are
designated with the same reference numerals 1n FIGS. 3A and
3B, and the description will not be repeated.

In FIGS. 3A and 3B, reference numeral 301 denotes an N
semiconductor substrate, and reference numeral 302 denotes
a P semiconductor region. The semiconductor substrate 301
has a configuration including an epitaxial layer on the semi-
conductor substrate. Reference numeral 303 denotes a chan-
nel section formed below a gate electrode 2014 of the transier
transistor, and reference numeral 304 denotes an N semicon-
ductor region as a charge accumulation region of the photo-
clectric conversion element 200a of FIG. 1. Reference
numeral 305 denotes a channel section formed below the gate
clectrode 205 of the selection transistor. The channel section
of the transistor denotes a region where a channel can be
tormed when the transistor 1s operating. An arrow D denotes
a depth direction of the semiconductor substrate 301.

In FIGS. 3A and 3B, the first semiconductor region 110 has
the width W1 and a length D1 in the depth direction, and the
second semiconductor region 1012 has the width W2 and the
length D1 1n the depth direction. As shown 1n FIG. 3A, the
first semiconductor region 110 1s arranged below the drain
region 207 1n an AB line cross section passing through the
source region or the drain region of the transistor. Meanwhile,
as shown 1n FI1G. 3B, the second semiconductor region 1012
1s arranged below the gate electrode 205 of the selection
transistor 1n a CD line cross section passing through the gate
clectrode 205 of the selection transistor. The width of the
second semiconductor region 1012 1s wider than the width of
the channel section 305 formed below the gate electrode 205
of the selection transistor, and the second semiconductor
region 1012 1s arranged below the channel section 305. Such
a configuration can reduce the variations in the thresholds of
the transistors.
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6

When 1on 1s implanted to a position deeper than the channel
section 1n the semiconductor substrate, the incidence angle of
the implanted 1on may vary due to the characteristics of the
ion beam. Part of the 1on that obliquely enters during the
formation of a fine pattern passes through an opening edge of
a photoresist with high aspect ratio, 1s reflected by a sidewall
ol the photoresist, or enters the semiconductor substrate with
energy lost from predetermined 1njected energy. The 10n with
lost energy does not reach a desired depth.

If the P semiconductor region 1012 that can be arranged
below the channel section 1s formed 1n a pattern thinner than
the channel width, the 1on does not reach the desired depth
due to the foregoing reasons, and the P semiconductor region
may be formed at the channel section. The slightly arranged P
semiconductor region may increase the density of the P semi-
conductor region 302 and may increase the threshold of the N
MOS transistor. For example, resetting of the floating difiu-
sion region 1s difficult if the threshold of the reset MOS
transistor rises. Furthermore, the dynamic range during signal
output narrows down 1f the threshold of the amplitying MOS
transistor increases. The implantation of the 1on with lost
energy can be prevented by making the semiconductor region
1012 arranged below the channel section wider than the chan-
nel section.

Based on a known semiconductor manufacturing tech-
nique, the photoelectric conversion apparatus of the present
embodiment can be formed by 1on implantation using, for
example, a photoresist mask 1n which regions where the first
to third semiconductor regions illustrated i FIG. 1 are
arranged are opened. And, the first semiconductor region
expect for a portion overlapping with the second semicon-
ductor region, and the third semiconductor region may be
formed using the same mask, while the second semiconductor
region may be formed using the different mask.

Although the first semiconductor region 110 and the third
semiconductor region 111 have the same width W1 to make
the cross talk of signal charge to adjacent pixels constant in
the present embodiment, the widths may be different depend-
ing on the arrangement of the elements. Making the leakage
of the signal charge to surrounding pixels constant can facili-
tate a correction process of an 1mage signal. The width of the
third semiconductor region 111 can be set such that an
increase in the parasitic capacitance of the adjacent tloating
diffusion region 204 1s prevented.

The second semiconductor regions can be arranged at
intersections between the first semiconductor regions and the
third semiconductor regions arranged 1n a lattice. More spe-
cifically, the transistors for reading out the transferred signal
charge can be arranged at intersections between the first semi-
conductor regions and the third semiconductor regions
arranged 1n a lattice. Such an arrangement can improve the
symmetry of arrangement between the photoelectric conver-
s1ion elements and other elements. Such an arrangement can
also reduce vanations in the leakage of the signal charge to
surrounding pixels.

The foregoing configuration can provide a photoelectric
conversion apparatus capable of preventing reduction in per-

formance of the transistors while maintaining the sensitivity
of the photoelectric conversion elements.

Second Embodiment

The photoelectric conversion apparatus of the present
embodiment will be described with reference to FI1G. 4. FIG.

4 1s a cross-sectional schematic diagram corresponding to
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FIG. 3B. The same configurations as in FIG. 3B are desig-
nated with the same reference numerals, and the description
will not be repeated.

Compared to the first embodiment, the photoelectric con-
version apparatus of the present embodiment 1s characterized
by including a plurality of semiconductor regions that can
function as 1solation. More specifically, in FIG. 4, a plurality
of fourth semiconductor regions 401 are arranged below the
second semiconductor region 1012, the fourth semiconductor
regions 401 having the width W1 that 1s narrower than the
width W2 and that 1s the same as the width of the first semi-
conductor region. A plurality of {fifth semiconductor regions
402 with the width W1 are arranged below the first semicon-
ductor region 110. The performance of the transistors can also
be maintained with such a configuration, because the second
semiconductor region 1012 1s arranged to cover the channel
sections of the transistors.

Since the fourth semiconductor regions 401 and the fifth
semiconductor regions 402 with the same width W1 are
arranged at the same depth, the leakage of the signal charge
generated at deep positions of the photoelectric conversion
clements can be easily equalized.

Although three fourth semiconductor regions 401 and fifth
semiconductor regions 402 are arranged in the present
embodiment, the arrangement 1s not limited to this. Although
one third semiconductor region 1012 1s arranged, a plurality
of third semiconductor regions 1012 may be arranged 1n the
depth direction.

Third Embodiment

The photoelectric conversion apparatus of the present
embodiment will be described with reference to FIG. 5. FIG.
5 1s a cross-sectional schematic diagram corresponding to
FIG. 1. The same configurations as 1n FIG. 1 are designated
with the same reference numerals, and the description will not
be repeated.

Compared to the first embodiment, the photoelectric con-
version apparatus of the present embodiment 1s characterized
in that the length of the second semiconductor regions is
short. More specifically, second semiconductor regions 7012
have a length .3 1n FIG. 5. The length L3 is shorter than the
lengths .1 and L2 of the corresponding second semiconduc-
tor regions of F1G. 1. The length 1.3 1s longer than the channel
length of the transistors. More specifically, the second semi-
conductor regions 7012 of the present embodiment may not
cover some of the source regions and the drain regions as
shown 1n FIG. 5 1f at least the channel sections of the transis-
tors are covered. Although the second semiconductor regions
have two lengths 1n the first embodiment, the second semi-
conductor regions have only one length L3 1n the present
embodiment. Setting only one length can improve the sym-
metry of the plane layout and equalize the leakage of the
signal charge.

It 1s desirable that the second semiconductor regions cover
the channel sections, because a change in the thresholds of the
reset transistors and the amplifying transistors among the
plurality of transistors influences the signals to be read out.
The second semiconductor regions may not be arranged, and
the first or third semiconductor regions may be arranged in the
selection transistors, because the influence on the signal 1s
small.

Fourth Embodiment

The photoelectric conversion apparatus of the present
embodiment will be described with reference to FIG. 6. In
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FIG. 6, the same configurations as in FIG. 1 are designated
with the same reference numerals, and the description will not

be repeated.

The photoelectric conversion apparatus of the present
embodiment of FIG. 6 includes the first semiconductor
regions 110 with the width W1, the third semiconductor
regions 111 with the width W1, and the second semiconduc-
tor regions 1012 with the width W2. Such a configuration can
maintain the characteristics of the photoelectric conversion
clements and the transistors while preventing the signal
charge from flowing 1nto adjacent photoelectric conversion
clements. The photoelectric conversion apparatus of the
present embodiment also includes regions 1112 without the
semiconductor regions 110 of the first conductivity type.
Such a configuration can adjust the signal charge flowing into
adjacent photoelectric conversion elements from the photo-
clectric conversion element 200a. For example, 11 the signal
charge flowing from the photoelectric conversion element
2004 1nto adjacent photoelectric conversion elements in the
first direction 1s smaller than the signal charge flowing from
the photoelectric conversion element 200q 1nto adjacent pho-
toelectric conversion elements in the second direction, the
amounts of signal charges can be equalized.

The regions 1112 can be arranged below a source region, a
drain region, or an arbitrary semiconductor region (such as
well contact) supplied with fixed potential such as a power
source and a ground. According to such a configuration, dark
currents generated by LOCOS, etc. can be discharged to the
source region, the drain region, or the semiconductor region.

Theretfore, the dark currents flowing into the photoelectric
conversion elements can be reduced.

Fitth Embodiment

An embodiment 1n which the photoelectric conversion
apparatus of the present invention 1s applied to an 1imaging
system as an 1maging apparatus will be described 1n detail.
Examples of the imaging system include a digital still camera,
a digital camcorder and a surveillance camera. FIG. 7 1llus-
trates a block diagram in which the photoelectric conversion
apparatus 1s applied to a digital still camera as an example of
the 1maging system.

In FIG. 7, reference numeral 1 denotes a barrier for pro-
tecting a lens. Reference numeral 2 denotes a lens for forming
an optical 1mage of a subject on an i1maging apparatus 4
(photoelectric conversion apparatus). Reference numeral 3
denotes a diaphragm for changing the amount of light passing
through the lens 2. Reference numeral 6 denotes an A/D
converter that applies analog-digital conversion of an image
signal output by the imaging apparatus 4. Reference numeral
7 denotes a signal processing unit that performs various cor-
rections or that compresses data of 1image data output by the
A/D converter 6. Reference numeral 8 1n FIG. 7 denotes a
timing generator that outputs various timing signals to the
imaging apparatus 4, the imaging signal processing circuit 5,
the A/D converter 6, and the signal processing unit 7. Refer-
ence numeral 9 denotes a whole controlling & arithmetic
operation unit that controls various arithmetic operations and
the entire digital still camera. Reference numeral 10 denotes
a memory unit that temporarily stores image data. Reference
numeral 11 denotes an interface unit that records or reads out
data to and from a recording medium. Reference numeral 12
denotes a removable recording medium, such as a semicon-
ductor memory, for recording or reading out image data.
Reference numeral 13 denotes an interface unit for commu-
nicating with an external computer, etc. The timing signals
and other signals may be mput from the outside, and the
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imaging system may include at least the imaging apparatus 4
and the signal processing unit 7 that processes 1image signals
output from the imaging apparatus. The timing generator and
the A/D converter may be formed on the same substrate as the
imaging apparatus. In this way, the photoelectric conversion
apparatus of the present invention can be applied to the imag-
ing system. High-quality images can be acquired by applying
the photoelectric conversion apparatus of the present mven-
tion to the 1imaging system.

As described, the configurations of the present mvention
can provide a photoelectric conversion apparatus capable of
preventing reduction 1n performance of transistors while
maintaining the sensitivity of photoelectric conversion ele-
ments.

Although the first and third semiconductor regions are
arranged 1n a lattice 1n the embodiments, the arrangement
depends on the elements and 1s not limited to this. The lengths
in the depth direction of the semiconductor regions, such as
the first to third semiconductor regions, can also be appropri-
ately set. The configurations and the embodiments can be
appropriately combined.

While the present invention has been described with refer-
ence to exemplary embodiments, it 1s to be understood that
the invention 1s not limited to the disclosed exemplary
embodiments. The scope of the following claims 1s to be
accorded the broadest mterpretation so as to encompass all
such modifications and equivalent structures and functions.

This application claims the benefit of Japanese Patent

Applications No. 2009-219218, filed Sep. 24, 2009, and No.
2010-185289, filed Aug. 20, 2010 which are hereby incorpo-

rated by reference herein 1n their entirety.

What 1s claimed 1s:

1. A photoelectric conversion apparatus comprising:
a substrate; and

a plurality of pixels,

wherein each of said pixels includes:

a photoelectric conversion element arranged in one
semiconductor region having a first conductivity type
and configured to accumulate a minority-charge sig-
nal charge;

a transistor for transierring the signal charge; and

a plurality of transistors for reading out the signal charge
transterred,

wherein said plurality of pixels include first and second
photoelectric conversion elements adjacent to each
other, and

wherein said semiconductor region includes:

a first semiconductor region having the first conductivity
type, arranged between the first and second photo-
electric conversion elements; and

a second semiconductor region, having the first conduc-
tivity type and a width larger than that of the first
semiconductor region, arranged 1n a region 1 which
the plurality of transistors for reading out the signal
charge transferred are arranged.

2. The photoelectric conversion apparatus according to
claim 1, wherein
said plurality of transistors for reading out the signal charge
transierred include a reset transistor and an amplifying
transistor, and
at a channel portion of said reset transistor or said ampli-

tying transistor, said second semiconductor region has a

width larger than a channel width of said reset transistor
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or said amplifying transistor, and has a length larger than
a channel length of said reset transistor or said amplify-
ing transistor.

3. The photoelectric conversion apparatus according to
claim 1, wherein said plurality of pixels include a third pho-
toelectric conversion element adjacent to said first photoelec-
tric conversion element, said one semiconductor region
includes a third semiconductor region of the first conductivity

type formed between said first and third photoelectric con-
version elements, and said first and third semiconductor

regions are arranged in a lattice.

4. The photoelectric conversion apparatus according to
claim 1, wherein said first and second photoelectric conver-
sion elements share a plurality of common transistors.

5. An 1maging system comprising;

the photoelectric conversion apparatus according to claim
1;: and

a signal processing circuit for processing a signal outputted
from said photoelectric conversion apparatus.

6. The photoelectric conversion apparatus according to

claim 1, wherein

said plurality of pixels include a third photoelectric con-
version element adjacent to said first photoelectric con-
version element,

said one semiconductor region ncludes a third semicon-
ductor region of the first conductivity type formed
between said first and third photoelectric conversion
elements,

said first and second photoelectric conversion elements are
arranged along a first direction,

said first and third photoelectric conversion elements are
arranged along a second direction orthogonal to said first
direction,

said first semiconductor region 1s arranged along said sec-
ond direction,

said third semiconductor region 1s arranged along said first
direction, and

said second semiconductor region 1s arranged to contact
said first and third semiconductor regions.

7. A photoelectric conversion apparatus comprising:

a substrate;

a photoelectric conversion element arranged 1n one semi-
conductor region having a first conductivity type and
configured to accumulate a minority-charge signal
charge;

a transistor for transierring the signal charge;

a plurality of transistors for reading out the signal charge
transierred:;

a first semiconductor region having the first conductivity
type 1n said one semiconductor region and having a first
width;

a second semiconductor region having the first conductiv-
ity type 1n said one semiconductor region and having a
second width larger than said first width; and

a third semiconductor region having the first conductivity
type 1n said one semiconductor region and having a third
width smaller than said second width,

wherein said photoelectric conversion element and said
transistor for transierring are, 1n a projected area thereof
on a surface of said substrate, surrounded by said first,
second, and third semiconductor regions, and

wherein said plurality of transistors are arranged 1n said
second semiconductor region.
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